coliform bacteria in their products. Consequently, workers in industry, university, and government laboratories have undertaken investigations on incidence, sources, and significance of the bacteria in frozen citrus products. Wolford and Berry (1948a) demonstrated that damaged or "soft rot" oranges may be a source of coliform bacteria when they found that juices produced from unsound fruit contained many times as many microorganisms, including coliforms, as did juices produced from apparently sound processinggrade fruit. These same investigators (1948b) found that coliform bacteria could be recovered from slime which accumulated on the surfaces of fruit-handling equipment, especially equipment which remained moist for extended periods. In more recent years improved sanitation of fruit-handling equipment in citrus plants has gone a long way toward eliminating slime deposits as potential sources of coliforms. Wolford (1950) demonstrated that Aerobacter, intermediates, and Escherichia coli could survive as long as 43 weeks in frozen single-strength orange juice stored at -10 F. Patrick (1953) found E. coli among a collection of over 100 cultures isolated from damaged oranges and from frozen concentrated orange juice. Patrick (1951) also investigated sources of coliforms in orange juice and found no coliforms on surfaces of, 1 The author is now stationed in another laboratory of the same Branch in Puyallitp, Washington. or in juice from fruit sampled in groves; but he found these bacteria on scale insects, fruit flies, and damaged fruit. G. L. Hays, American Can Company, Maywood, Illinois (personal communication), however, found that E. coli could be isolated from the surfaces of oranges when groves from which the fruit was sampled were watered by overhead irrigation with raw lake water.
Investigations of sources of coliforms in frozen concentrated orange juice produced in California have been made. The present paper covers one phase of these studies, that is, the incidence of coliform bacteria on the surfaces of oranges sampled at various points in groves, packing houses, and processing plants.
MATERIALS AND METHODS
Collection of fruit. In this study, fruit was sampled from trees in the following manner: A sterilized paper bag was held under the orange and the fruit was clipped from the tree with sterilized clippers and allowed to fall into the bag. Fruit was sampled from three locations on the trees. These included inside the tree skirt within 3 feet above ground, outside the tree skirt within -3 feet above ground, and 6 feet or more above ground.
At other sampling points, sterilized tongs were used to transfer fruit to sterilized paper bags. These points included field boxes in groves, unwashed fruit, washed fruit, and processing-grade fruit from packing houses. Samples at the products plants were taken from unloading trucks, storage bins, washed fruit, and fruit as it entered the juice extractors.
Bacteriologic analysis. Ten oranges were transferred with sterile tongs to a wide-mouth gallon-sized jar containing a liter of sterile tap water to which had been added 0.1 g of sodium thiosulfate and 0.1 ml of a nonionic detergent. The former was added to the water to remove traces of free chlorine while the detergent was added to improve its wetting power. After loading, the jar was closed and vigorously shaken for 30 seconds. Replicate 10-ml, 1-ml, and 0.1-ml aliquots of the rinse water were inoculated into boric acid broth. In many cases, similar aliquots were inoculated in both boric acid and lactose broths in order that the two media could be compared for their efficiency as presumptive tests for the isolation of E. coli (Wolford, 1954 Turrell's tables (1946) to obtain areas of the fruit. The index per 100 ml of rinsing was divided by one-tenth the surface area of the 10 fruits of the sample. At the time the fruit was calipered, observations were made also as to its condition, that is, number of splits, rots, scaly fruit, or other defects.
RESULTS AND DISCUSSION
The total number of fruit samples analyzed in the course of this study was 228. One hundred and five of these samples were found to be coliform positive. A sample was considered to be coliform positive if these bacteria were isolated at the rate of at least 1 per 50 cm2. Table 1 gives data showing the number of samples taken from groves, packing houses, and products plants, as well as the coliform-positive samples from each source.
No correlation was found between plate counts and coliform indices although both coliforms and high plate counts were most frequently obtained from damaged soft fruit. A number of samples having total plate counts greater than 100,000 per cm2 were negative for coliforms. On the other hand, coliforms were isolated from several samples having plate counts of less than 10 per cm2. In several low-count, coliformpositive samples, coliforms made up as much as 2 per cent of the total count. In other coliform-positive samples, there was less than one coliform per million total plate count. This lack of correlation existed whether samples were taken from groves, packing houses, or products plants.
The single E. coli-positive grove sample was taken from inside the skirts of trees in a grove which had been fertilized with barnyard manure a few days before sampling. The oraniges in this sample were growing less than 3 feet above ground and were protected from direct sunlight. The Aerobacter-positive fruits were distributed randomly on the trees and did not appear to be related to location or to the fertilizing schedule of the groves. Some of the oranges found to be positive for Aerobacter were taken from groves in which no organic fertilizer had been used for several years. With one exception, the plate counts of grove samples were low. This exception was an orange which had split while still on the tree and which had a plate count of 150,000 per cm2 and an Aerobacter index of 3 per 100 cm2. When E. coli was recovered from grove and packing house samples, it was at a low level of incidence. The one coli-positive grove sample had an index of 9 per 100 cm2, while the coli-positives from packing houses had indices of 2, 3, and 3 per 100 cm2, respectively.
Eleven of the 17 E. coli-positive samples taken from products plants had indices of less than 10, the median index was 9, while 4 indices were greater than 100 per 100 cm2. The highest index (greater than 240) was from a sample taken from a truck as it was unloading at the plant. A bin sample had an index of 120, while 2 washed-fruit samples had indices of 120 and 240 per 100 cm2, respectively. These samples contained split or otherwise damaged fruit. In fact, all washed-fruit samples from which coliforms were isolated either contained split fruit or were taken from plants where chlorine was not used in the wash water or in the rinse water.
The coliform index of orange surfaces was found to vary considerably from sample to sample (table 2) . Although positive samples were found in which the index was 100 or more per 100 cm2, most of the coliform indices were much lower. The median values, the points at which the number of higher and lower indices are equal, were found to give more significant results than arithmetical averages. This may be illustrated by referring to the unwashed packing-house samples. Only 1 of 11 positive samples had an index greater than 10; and, had averages been used, the figure would have been 66 in a series of 11 samples having a median index point of 3. Most of the higher indices were mainly Aerobacter and these generally occurred when damaged fruit was present in the sample. This is not surprising when one considers that Stuart et al. (1938) demonstrated Aerobacter-type organisms in rotting fruit tissue.
Although there was an increase in the incidence of coliforms as the sampling points changed from groves to packing houses to products plants, the number of times the fruit is touched by workers does not appear to play an important part in this increase. Normally, oranges which reach the juice line in products plants of California will have been handled by two persons, the field hand who picks the fruit and the packinghouse worker who sorts processing-grade fruit from the fresh-market. The latter person usually is supplied with clean cotton gloves while she works. It is after the processing-grade fruit is separated from the freshmarket fruit that the microflora of the oranges markedly increases.
The greatest factor in this increase in microflora appears to be correlated with the rough handling of processing-grade fruit as it progresses from packing houses to extractors in products plants. Nedvidek (1948) indicated that the chief sources of fruit damage start at the packing house as the oranges enter the storage bins. Long drops from conveyor belts to the bottom of bins may damage a considerable proportion of the fruit, and the weight of stored fruit may be sufficient to crush or damage the fruit in the lower portion of the bin. Loading trucks from storage bins, transportation to products plants, and bin storage in the plant may cause further fruit damage. He found that crushed fruit may cover sound fruit with juice, which may serve as a medium for growth of microorganisms.
However, in recent years the citrus industry has made many improvements in fruit handling in packing houses and processing plants. Most storage bins now are baffled to minimize crushing of oranges; adjustable chutes have been installed for transferring oranges from bins to trucks without excessive damage, and longer, more shallow truck bodies, also baffled to lessen damage, are now in use. Of equal importance are improvements in fruit inspection and sorting practices to eliminate damaged oranges. Several California plants have found their bacteriologic problems to be improved when flat-belt inspection tables were replaced with rolling-bed conveyors, which make it possible to see all sides of the orange as it passes the inspector.
While the high coliform indices found in this study Incidence of coliforms was more frequent on fruit which had been subjected to bruising during bulk handling.
The presence of coliforms on processing-grade fruit as it arrived at products plants indicated that the presence of organisms in juice produced from this fruit is not positive evidence of unsanitary conditions in the plants.
